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EPA Presentation Outline

Environmental Protection
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*Background on TOF MS

*Water sampling effort;
routine analysis UPLC-MS/MS;
discovery TOFMS (SETAC 2012 Long Beach CA)

*Tools used for identification of novel polyfluorinated compound in
surface water
*Sequential water sampling locations
*Non-targeted screening
*Negative mass defect
*Kendrick mass transformation plots
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Ex. Mass Accuracy (Tune) E:Zsrl.?fescsi mass jgggggg

Difference 0.0020 or 2 mmu

1633.9498 - 1633.9395 = 0.0103 Error 04%%2 105 5 ppm

0.0103 / 1633.9498 1026 = 6.3 ppm

Ex Resolution (Tune)
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1633.9395/ 0.0661 = 24, 720

500.0
. . . mi/z

FWHM = Full Width at Half-Height Maximum

Mass 500

Peak width (at 50%) 0.1

Resolution (FWHM) 500 5000
Resolution in mass spectrometry is the ability Q]
tO dlfferentlate a detected IOn from any Other Figure 1: (Top) Mass accuracy determination

and (bottom) the FWHM method for deter-
mining resolution for a mass spectrometer
measured at a given ion.

LCGC North America Vol 22 Number 2 February 2004 MS The Practical Art
Michael Balough “Debating Resolution and Mass Accuracy”
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wEPA Monoisotopic Mass (Accurate mass)

United States
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Agency

The monoisotopic mass is the sum of the masses of the atoms in a
molecule using the unbound, ground-state, rest mass of the principal
(most abundant) isotope for each element instead of the isotopic average

Mass.
Ex. Carbon 12C (98.9%), 13C (1.1%),
Hydrogen TH (99.99%), 2H (0.001%),
Nitrogen 14N (99.63%), 1°N (0.37%)
Oxygen 160 (99.76%), 180 (0.2%)
Phosphorus 3'P (100%)
Sulfur 328 (95.02%), 34S (4.21%)...(25 isotopes; 4 stable)
Fluorine 19F (100%)
Chlorine 35CI (75%), 3'Cl (25%)
Bromine Br (50.7 %), 81Br (49.3%)

- Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division

Kind and Fiehn, BMC Bioinformatics 2007



SEPA
Nt Mass Defect s 4

Agency

Accurate Mass — Nominal Mass = Mass Defect

Ex. PFOA Nominal Mass: 414 Da P
Accurate Mass: 413.973702 Da

413.973702 - 414 =

2012 Feb;47(2):226-36. doi:
10.1002/jms.2953. The use of mass defect in modern
mass spectrometry.

- Office of Research and Development
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http://www.ncbi.nlm.nih.gov/pubmed/22359333
http://www.ncbi.nlm.nih.gov/pubmed?term=Sleno%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22359333

SEPA Negative Mass Defect: Per- and

Poly- fluorinated Compounds
Formula Mass C H N (o) P S Cl F
12.000000 1.007825 14.003074 15.994915 30.973762 31.972071 34.968853 18.998403

CgH g 114.1408506 8 18

CgH 10, 1441150298 8 16 2

C,HOF,,  413.9737023 8 2 15
CgHO,F,,  429.9686169 8 3 15
C,HO,SF,,  499.937494 8 3 1 17

Octane 114.1408506
Octanoic acid 144.1150298

PFOA 413.9737023
Perfluoro-4-ether-octanoic acid 429 9686169

PFOS 499.937494

Mass fragments of per and poly fluorinated compounds conserve negative mass defect

- Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division



EPA Presentation Outline
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*Background on TOF MS

*\Water sampling effort;
sroutine analysis UPLC-MS/MS;
«discovery TOFMS

*Tools used for identification of novel polyfluorinated compound in
surface water
*Sequential water sampling locations
*Non-targeted screening
*Negative mass defect
*Kendrick mass transformation plots
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SEPA Water Sampling Cape Fear River, NC
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Nakayama et al. 2007 ES&T 41:5271-5276

East coast of fA
United States /'
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TABLE 3. Measured Concentrations at the Eleven Sites with the Highest Total Concentrations of PFCs in the Cape Fear River
Basin® (See Figure 1 for locations)

C12 c11 c10 c9 (] 7 C6 PFOS PFHS PFBS
river {ng/L} {ng/L} {ng/L} (ng/L}y  {ng/L} (ng/L}  (ng/L} (ng/L} (ng/L} (ng/L} total (ng/L}

Haw River 446 52.1 120 14 287 118 21.7 127 8.43 941 042
Haw River 3.20 28.7 112 157 200 66.8 14.5 334 787 261 626
Haw River 3.29 27.6 109 157 191 59.2 13.7 364 949 304 609
Haw River 1.98 20.0 88.2 151 201 58.2 13.2 315 7.49 288 574
tributary to Cape Fear 2.26 15.0 19.6 71.2 58.6 230 300 336 ND 531
Haw River 1.18 8.87 31.0 721 152 3. 13.5 31.2 770 ND 376
Cape Fear River = LOQ 3.34 13.2 34.8 70.3 240 784 667 559 ND 227
Cape Fear River 1.14 6.39 17.2 35.7 71.5 269 935 504 482 ND 223
Cape Fear River 1.23 6.75 17.1 38.0 727 237 705 407 410 ND 211
0 Cape Fear River < LOQ 7.55 19.3 31.2 46.8 13.9 462 563 684 212 189
1 Little River <LOQ <LOQ 2.17 224 126 3.38 323 132 264 3.20 185

=
e

1
2
3
4
5
6
7
8
9
1
1

# talicized values show maximal concentrations of each compound.

o = >
Pope Air 56.3
Force Base

Fort Bragg Military Cape Fear River
Reservation

Office of Research and Development
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< EPA
A T4 WIS sy -amag, | UPLC MS/MS System

United States ;
Environmental Protection UPLC - Waters Acquity

Agency
MS/MS - Micromass Quatro
Premier XE
Water samples obtained o | il coumn - Acquity UPLC BEH C18
3 g "o I | 1.7 um 2.1x50 mm
February 2012
P = _ Gradient separation
-k A 2mM Ammonium Acetate
*Waters WAX SPE ‘ B Methanol
Analysis by:
* (a) QPL_C MS/MS routine ; —— - “ BN HPLCITOFMS System
monitoring PFCs | () B - B m HPLC - Agilent 1100

TOFMS - Agilent LC/MSD TOF

* (b)TOFMS discovery

Column - Agilent Eclipse Plus C18
3.5 um 3.0x50 mm
custom packed

Gradient separation
A 2mM Ammonium Acetate
B Methanol

Figure 2. Picture of the (a) UPLC/MS/MS and (b) LC/TOFMS systems
used

- Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division




wEPA

United States
Environmental Protection

Traditional PFCs found in Cape Fear Water

Agency
Stream Flow
Analyte | 001 002 003 004 005 006 007 008 008 009
c4 23 502 3761 6 4 0 8 7 5 3
5 441 5607 43590* 17 9 1 32 46 12 9
PFBS 4 5 3 4 5 2 9 5 6 4
6 17 90 434 18 12 2 27 16 18 14
c7 37 599 3873 14 17 0 11 20 21 9
PFHS 7 12 10 9 7 4 9 10 9 22
cs 32 39 71 33 25 2 38 36 41 18
) 13 34 127 7 11 1 6 8 11 5
PFOS 19 27 26 17 23 0 0 16 18 14
C10 10 17 12 11 0 3 3 8 10 5

items in red exceed the standard curve high end of 500 ng/L; 10x diluted and re-analyzed; * still exceed curve and are estimated

Office of Research and Development

National Exposure Research Lab/ Human Exposure and Atmospheric Science Division
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JEPA Presentation Outline

Environmental Protection
Agency

I

*Background on TOF MS

*Water sampling effort;
routine analysis UPLC-MS/MS;
«discovery TOFMS

*Tools used for identification of novel polyfluorinated compound in
surface water (update of SETAC 2012 Long Beach CA)
*Sequential water sampling locations
*Non-targeted screening
*Negative mass defect
*Kendrick mass transformation plots

- Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division



SEPA Workflow for TOFMS Discovery
N 2 4F

Environmental Protection
Sample 1 (control)

i Sample 2 (experiment)

Potential Source input 1 g e
Source Non-targeted e i e *
Sample 2 e = -
TOFMS ' Y lecular feat Visualization of features unique to experiment
Sample prep. . Sample 2 {control) maolecdiaricature
pleprep screening extraction (MFE)

- Sample 3 (experiment) Compound Exchange File (CEF) exportation

Sample 3...

S i 2.
;E‘l ource inpu Reduction of data by extracted ion chromate-
\ S/ Gram (EIC) of traditional PFCs

3 Potential

Potential Source Lrel\;fjlgsatlon of large, negative mass defect
Source

Extract
Spectral
features

Proposed Novel Compounds

&

Investigation of co-eluting peaks (adducts- formate,
acetate and dimers - Na+, K+)

N N

Diagnostic fragment ions

Advanced Isotope peak matching (distribution, spacing) Advanced
techniques techniques
Exact mass caliper tool

Acquisition of authentic standard for Background subtracted for clean spectra

confirmation if possible Exact mass off sets (CF,, CF,0..) homologous series
Formulae generation (C,H, 0, N, S, F, Cl, P, Na...)

Chemical database searching Kendrick Mass Defect Plots

/ \_ / - _/

Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division
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\.’EPA Control sample; CFR 004 Upstream

United States

Ergll\éirrlggmental Protection EXperiment; CFR 002 Downstream

File Method View Web Image Identify Features Help
Dad cE@ A

o e e Mass Profiler - Agilent
Mass vs RT | Log2 Ratio vs. RT I Log/Log Plot I Unigue to Experiment I Unigue to Contral
Mass vs. Retention Time
1800 -
1600 1 100 largest peaks; each sample
1400 .
1200 '
& 1000 i . e
7] ]
@ 800 . ° P
= ' e
600 .o —— et
] ¢ .
400 - . *
] e* ¢ ) t; :
200 T : 8 £ og"
] @ 9 o
0 | T T | T v T T T T |
0 1 2 3 4 5 6 7 8 9 10
Retention Time (min)
Expression: @ Both () Up () Down 87 features

Size of circle proportional to peak area;
typical usage dosed vs. non-dosed animals

Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division




wEPA

United States

Environmental Protection EXperiment; CF 002 Downstream

Agency

File Method View Web Image Identify Features Help

Dad cE@ A

Graph data Plot style Visibility criterion Visibility threshold

All samples »  Colored by group * MNone - 1 U

Mass vs. RT I Log2 Ratio vs. RT I Log/Log Plat | Unigue to Experiment ‘ Unigque to Control

77 Features present only in Experiment
1800 -
1600 - 1
| What are all of these compounds? =
1400 - .
1200-3 —-
8 1000 - ' . e
£ 800 — o g
) 600 s . 8
¢ || PFPeA ]' ;
1 - * ] * ® . ’ V
200 . ‘ ;. s ® . : . o E o : .
0 T 77 + v+ + + | 1 + ¢+~ v [ v+ 1+ ‘v +v | ¥+ ¥+ v +v [ T ‘T ¥+ ¥+ | T ‘T T T | T T T v [ T T T T
0 1 2 3 4 5 6 7 8 9 10
Retention Time (min)
Expression: @ Bath () Up () Down 87 features

Most Have Negative Mass Defect; some appear at same RT

Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division




wEPA Mass Defect Plot TOFMS data

United States

Environmental Protection Accurate MaSS — N0m|na| MaSS = MaSS DefeCt

Agency

Mass Defect all features (Upstream vs Downstream)

n=483 peaks; both sample

+ mass defect

-’
L=
2
)]
(=]
[5]
1]
1]
2

- mass defect

+ Downstream

B Upstream

12
Retention Time (min)
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SEPA |dentified polyfluorinated compound (U2M30OHXxA)

United States
Environmental Protection
Agency

Target Compound CAS # 13252-13-6

Molecular Formula = CF,,0O,

Formula Weight = 329.0453838

Composition = C(21.90%) F(63.51%) O(14.59%)
Monoisotopic Mass = 328.967728 Da

[M-H]- = 327.960451 Da

Synquest Laboratories - Undecafluoro-2-methyl-3-oxahexanoic acid

-2(CF,) ©

0
i /
0 F
F
F F
F

-3(CF,) = 178.9733
-2(CF,) = 228.9741
-(CF,) = 278.9709

+(CF,) = 378.9645

(Strynar et al., SETAC
2012 Long Beach CA)

- Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division



Fluoropolymer manufacture

Metal plating

s

ADONA (CAS No. 958445-44-8)
F2 F2
™ C\
FaC C C co0™
F Fs HF

GenX (CAS No. 62037-80-3)
Fa 5 _
C/C\C/@\E/ 2
3 Fz

CF5
Asahi's product (CAS No. 908020-52-0)

Solvay's product (CAS No. 329238-24-6)

CF3
CF CF
CIF503

-

N( Et)4—PFBS (CAS No. 25628-08-4)
CoHs

F2 F2 |/
/ /
\ \ /+\

F2 02H5

CZH5
CzHs

6:2 FTSA (CAS No. 27619-97-2)

P P He

2 2
/\/\/\/\
Fz Fz Hz

F

F-53 (CAS No. 754925-54-7)
F, F, F
/ \ / o /
Fz Fz
F-53B (CAS No. 73606-19-6)

F2 2 F F,
/\/\/\@/\/

CIF,C
2 4

Office of Research and Development

National Exposure Research Lab/ Human Exposure and Atmospheric Science Division

Wang et al., 2013 Environment
International 60 (2013) 242—-248




- m/z Extracted lon Chromatograph (EIC) Suspected
""EPA polyfluorinated compound homologous series

Environmental Protection
Agency

-ESI EIC(178.9773) Scan Frag=80.0V WorklistDatal.d

-150 amu M)

-ESI EIC(228.9741) Scan Frag=80.0V WorklistDatad.d

ELOVEOE | -2(CFy) JL
a T

-ESI EIC(278.9709) Scan Frag=80.0% WorklistData3.d

-50 amu

13252-13-6

-ESI EIC(328.9677) Scan Frag=80.0V WorklistDatal.d

-ESI EIC(378.9645) Scan Frag=80.0V WorklistDatad.d

+50 amu

sl
-ESI EIC(428.9613) Scan Frag=80.0Y WorklistData3.d

+100 amu

g5 10 105 11 115 12 125 13 135 14 145

Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division




SEPA m/z Extracted lon Chromatograph (EIC)

United States
Environmental Protection
Agency
x104 -ESI EIC({328.9677) Scan Frag=80.0V WorklistData3.d

-ESI EIC(658.9427) Scan Frag=20.0V WorklistData3.d

-ESI EIC(680.9247) Scan Frag=80.0V WorklistData3.d

€5 7 75 & 85
Counts vs. Acquisition Time (min)

-ESl Scan (7.303-7.286 min, 6 Scans) Frag=80.0V WorklistData3.d

*168.55841 * 5500485

C3F7 'C02

328.9677

630.9257

134.3878 370.9566

| § 1 1 | | l [N
120 140 160 180 200 220 240 260 280 300 320 320 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720
Counts vs. Mass-to-Charge (m/z)

Standard or extracted water,
same spectra. m/z 328 LOW

National Exposure Research Lab/ Human Exposure and Atmospheric Science Division

Office of Research and Development
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OEn Key TOFMS Information

Agency

Difference Between Peaks IM-HT [M-H]

H+*

Na* (22.9892)
-H* (1.0073) 21.9819
= 21.9819

[M-H]"  [M-H]
Na*

| 560 580 600 620 640 660 &80 700 720

- Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division



wEPA

United States
Environmental Protection
Agency

%107

5.5
5
45-
4
3.5
34
25-
e
154
14
0.5

Ex. C,, H F22 O,

-ESl Scan (5.344-5 427 min, & Scans) Frag=280.0V WorklistData? d Subtract

TEBE 04T <

11100%

13% |

Isotope Cluster Scoring

1. Accurate mass [M]

2. Isotope Abundance [%]

3. Isotope Spacing [m/z]

650.9437

\

N

BED 660.5 B61 £61.5
Counts (%) vs. Mass-to-Charge (miz)

4%

04 AN

658 658.5 659 650.5 662

05%

| A Alowed Species | Limits |Charge State

Cortribution to overall score

Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Divisiq

Mass score 100.00
|sotope abundance score 60.00
|sctope spacing score 50.00




-ESI Scan (5.950-5.967 min, 2 Scans) Frag=80.0V \wWorklistDatab.d Subtract
-ES| Scan (5.950-5.967 min, 2 Scans) Frag=80.0V WorklistDatab.d Subtract 2edFren
e Fpss

2[M-H]- Na+ Fragment 1

\¢ e
L . " 28d75 285 28535 2855 28575 286 28675 2865 28675 287 28725 28/5 28775 288

8815 682 8825 683 Counts (%) vs. Mass-to-Charge (miz)
Counts (%) vs.Mass-to-Charge (miz)

1 |-ESI Scan (5.924-5.982 min, 4 Scans) Frag=80.0V WorklistDatab.d Subtract
3 * 1663902

-ESI Scan (5.950-5.967 min, 2 Scans) Frag=80.0V \WorklistDatab.d Subtract

e : Fragment 2
[M-H]- [M]

[al
JN 169 1635 170 1705
: , , : §—| Counts (%) vs. Mass-to-Charge (m'z)
6585 659 659.5 660 660.5 661

Counts (%) vs. Mass-to-Charge (miz)

mjz (M-H}- m/z (calc)

-ES| Scan (5.%17-6.000 min, & Scans) Frag=80.0V \WerklistDataé.d Subtract
24Pk

[M] 2[M-H]-Na+ C;,F2; NaOg 680.9255 680.9247

[M-HF[M]  CiaHF, 0 658.9433 658.9427

[M-H]J- CoF1102 328.9683 328.9677

- Fragment1  C;Fy,0 284.9789 284.9779

32759706 330.9843 3315294 332.0929
Mo I

e e Fragment2  CFy; 168.9902 168.9894

Counts (%) vs. Mass-to-Charge (m/z)




Homologous series: [M-H], [M,-H]-, [M-H],Na®,
ol Protaction All have 21.9819 m/z offset peaks

Agency

wEPA

%108 |-ESI EIC(178.5773) Scan Frag=80.0V \WorklistData3.d
1 x108 |-ESI Scan (1.488-1.587 min, 7 Scans) Frag=80.0V WorklistData3.d it
2 -3(CF,) .
354 358 9663
0- 3 *178.9789 ‘ ——
el Lol CUT{IRD QO10n O |y Q0 M Yederlelind T -4 T A |
%105 |-ESI EIC(228.5741) Scan Frag=80.0V WorklistDatal.d
14 1 x103 |-ESl Scan (3.178-3.254 min, 8 Scans) Frag=20.0V WorklistData3.d g
'2(CF2) 3 184.5852
o AN :]
«105 -ESI EIC(458.9555) Scan Frag=80.0V WorklistData2 d E ”2-|9555
x104 |-ESI EIC(278.970%) Scan Frag=80.0V WorklistData3.d
54

x104 -ESI EIC(558.9491) Scan Frag=80.0V \worklistData3.d

x103 |-ES| Scan (6.292-6.375 min, £ Scans) Frag=80 0V \WorklistDatal. d #
T -( F ) i i &
C 2 22 :
24
0

5' 14
081
06 EE3 G4
0- e i . ' 4 —
%103 -ESI EIC(580.9311) Scan Frag=R0.0V WorklistDatal d 0 Mo . ﬂ Lol L PP | | . | R 1 A

B0 100 120 140 160 180 200 220 240 260 280 300 320 320 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640
Counts vs. Mass-lo-Charge (miz) -

05 1 15 2 25 3 35 4 45 &5 &B5 & €5 J 75 & &5 9 g5 10 105 11 115 12 125 13 135 14 145
Counts vs. Acquisition Time (min)

Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division




VIEPA Additional Polyfluorinated Compounds

Environmental Protection
Agency

Continued to see 21.9819 m/z offset peaks

%101 |-ESI Scan (6.547-6.662 min, 8 Scans) Frag=80.0V Worklis

[M-1]/2
754/2~377

sl [\M-22]/2
777-22/2~377

[M-HJ" = C¢ Fyy Og
m/z = 376.9525

b, UDUY
7 oaRn
2.9858 2009794 482 5333 L
........................... J....l...........‘J...J.I.....____.IIJ.-JJ..].I.._.___.l.._u...__n__..______-_L__-__L..._—L_n.._--_-...._.n..._....__-___.._.J______I.__-_____________l____._____._ —_— VUSSR PR

80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 62D YOO 720 740 760 780 800 820 840 860 880 900 920 540 960 980
Counts (%) vs. Mass-to-Charge (miz)

+/- CF, showed no peaks

- Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division



-ESI Scan (6.580-6.613 min, 3 Scans) Frag=80.0V WorklistDatab.d Subtract
776Re52

2[M-H]- Na+

77 718 79 780 781
Counts (%) vs. Mass-to-Charge (miz)

-ESI Scan (6.563-6.613 min, 4 Scans) Frag=80.0V WorklistDataé.d Subtract
Th4E135

[M-H]- [M]

755.8157

[

7555 756 7565 757 75/5 758
Counts (%) vs. Mass-to-Charge (miz)

No spectra available

320 325 330 335 340 345 350 355 360 365 370 375 380 385 350 335 400 405 410 415 420 475 430 435 440 4

Brig

198 8886

-ESI Scan (6.580-6.5%6 min, 2 Scans) Frag=80.0V WorklistDatab.d Subtract

2004785

Fragment 1

201.5847
. il

199.8723 2023818 2047780 206.1406

2015 202 2025 203 2035 204 2045 205 2055 206
Counts (%) vs. Mass-to-Charge (miz)

1% 1955 200 2005 201

-1 |-ESI Scan (6.678-6.728 min, 4 Scans) Frag=80.0Y WorklistData7.d Subtract

7945016

2[M-H]- Na+ H,O

jun|

2[M-H]- Na+

[M-H]- [M]

(M]

Fragment1

2[M-H]- Na+
H,0

7954 7956 7958 796 7962 7eb4 73be 7eEe 797 AU
Counts (%) vs. Mass-to-Charge (miz)

m/z (M-H)- m/z (calc)

Ci2F2Na Oy, 776.8952 776.8942

Ci2HF2 045 754.9139 754.9122

Not
Observed

CoFyy O 376.9525

C3F,0, 200.9785 200.9792

Ci2Hz FpNa Oy 794.9016 794.9047




wEPA

United States
Environmental Protection

~ES| EIC(754.9123) Scan Frag=280.0W WorklistData6.d
1 6.580

F

(o] 4
FOF
OH
F OX ><o
FF FF .
z z 7 z 3 ' ' : '

i 2 3 4 7
Counts (%) vs.

10

ition Time (min)

-ES| EIC(622 5285%) Scan Frag=80.0% WorklistDatat.d

5.602

KA,

i 2 3 4 3 £ 7
Counts (%) vs

. Acguisition Time (min)

2 ) 10 11 1z 12 14

1 |-ESl| EIC{£530.9455) Scan Frag=20.0V WorklistDatat.d
3.

- 24158

F
0
0 Foe
F
F ° OH
F

i 2 3 4 3

=3 K,
Counts (%) vs. Acquisition Time (min)

2 ) 10

-ES| EIC(358.9621) Scan Frag=80.0V WorklistDatat.d
1.262

. F
0
>< OH
F e F
0

5

7 2 ) 10

Counts (%) vs. Acquisition Time (min)

Homologous series NOT offset by CF, BUT CF,0O

Molecular Formula = CHF,,0O,

Monoisotopic Mass = 377.959748 Da
[M-HJ- =376.952472 Da

Molecular Formula = C,HF,O,

Monoisotopic Mass = 311.968027 Da
[M-H]- =310.96075 Da

Molecular Formula = C,HF,O,

Monoisotopic Mass = 245.976306 Da
[M-H]- =244.969029 Da

Molecular Formula = C,HF,O,

Monoisotopic Mass = 179.984585 Da
[M-H]- =178.977308 Da




wEPA Additional n-mers*

United States
Environmental Protection
Agency

x10 ©

0.99
0.9
0.8§
0.8
0.7§
0.7
0.65
0.6
0.5§
0.5
0.4§
0.4
0.3§
0.3
0.25
0.2
0.1§
0.4

0.09

-ESI Scan (6.547-6.646 min, 7 Scans) Frag=80.0V WorklistData6.d Subtract

Proton Bound Dimer

ium Bound Dimer

[M2-2H$Ka]- 1 1776.8953

PN

OH

Sodium Bound Trimer _
Sodium Bound Tetramer

M4f4H+3Na]-

20?.9795

1297.9532

285.2076 418.9414 5733179 688.9220 , 862.8761 952.1048 1110.8436_ 1391.6219 15107836, | 1662.7571

117,9031 |
10 150 200 250 300 350 4bo 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700
Counts vs. Mass-to-Charge (m/z)

* Trier, X.; Granby, K.; Christensen, J. H., Tools to discover anionic and nonionic polyfluorinated alkyl
surfactants by liquid chromatography electrospray ionisation mass spectrometry. J. Chromatogr. A
2011, 1218, (40), 7094-104.
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SEPA https://edm.nc.gov/DENR-Portal/

United States
Environmental Protection
Agency

Sample ID
oniforing Well Description

MW-14D

Onsite monitoring well located on the west side of the inactive
Biosiudge Lagoon area in the surficial groundwater beneath a
local clay feature; South of the PPA Manufacturing Facility.

MW-15D

Onsite monitoring well located on the west side of the River
Sediment Basins in the surficial groundwater beneath a local
clay feature; South of the PPA Manufacturing Facility.

06-06-2013

MW-16D

Onsite monitoring well located northeast of the Fire House in
the surficial groundwater beneath a local clay feature;
Southwest of the PPA Manufacturing Facitity.

MW-17D

Onsite monitoring well [ocated west of the Administration
Building in the surficial groundwater beneath a local clay
feature; West of the PPA Manufacturing Facility.

MW-16D
Onsite monitoring well located upgradient of thd Nafion®
g P& - 06-06-2013

Couunon Sump in the perched groundwater abovea Tocarl clay
feature; Southeast of the PPA Manufacturing Facility.

06-12-2013

06-19-2013

- Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division



<EPA

United States
Environmental Protection
Agency

Naior ChemSpider

Search and share chemistry

http://
html?rid3

More Searches Web APls Help

1,1,2,2-tetrafluoro-2-({1,1,1,2,3,3-hexafluoro-3-[(trifluoro
vinyl)oxy]-2-propanyl}oxy)ethanesulfonyl fluoride

ChemSpider ID: 77539

Molecular Formula: C;F420.5

Average mass: 446.115112 Da

Monoisotopic mass: 445929382 Da

¥ Systematic name

1.1,2,2-Tetrafluoro-2-({1.1,1.2,3 3-hexafluoro-3-[(trifluorovinyljoxy]-2-
© 2D 3D Save Zoom propanylioxy)ethanesulfonyl fluoride

p SMILES and InChls
p Cite this record

Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division




P o | x10 -2 |-ES| EIC(442 9264) Scan Frag=280.0% WorklistDatal.d
ZEPA CFR004 & upstream

United States

Environmental Protectis
5 & 7 2 3 10 11 12 13 14

Aaency
Counts (%) vs. Acguisition Time (min)

stDatab.d

'| CFR003 & downstream

Molecular Formula = C.HF,,O.S

Monoisotopic Mass = 443.93371 Da
[M-H]- = 442.926433 Da |

5 7 8 3 0 1 2 13 14
Counts (%) va. Acguisition Time (min)

This polyfluoro sulfonates does not show H* and Na* bound dimers

Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division




VIEPA Kendrick Mass Defect Transformations

Environmental Protection
Agency

Kendrick Mass (F) = (observed mass) X Nominal mass F
Exact mass F

Nominal mass F 50
Exact mass F 49.99681

If (F) = CF,

http.//en.wikipedia.org/wiki/Kendrick_mass

Kendrick, Edward (1963) Anal. Chem. 35 (13) 2146-2154

- Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division



wEPA Kendrick Mass Defect Standards Example

zoomed for PFCs Standards Kendrick mass defect

# carboxylic acids

B decarboxylated acids

L sulfonates

# telomer sulfonates

t phosphinic acids

Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division




i"'lEPA Kendrick Mass Defect Water Example

Environmental Protection

Mass vs. Retention Time
1600 . .
] (Cape Fear River Water)
1400 1 @ upstream
1200 1 @ downstream .
1000 - .
© _ -
e b H
2 800 - 8
(] ] H
= 600 - & °.
: 6 L] ] %
400 -2 -
4 " od
] . * . e " 0 .- o S . o0 o
200 A L .® ° : o2 —— .
] w B"°
O I ] I I I m
0 2 4 6 8 10

Retention Time (min)

179.9849 | 4011200 | 178.97706 179.9963838 | 180.0075373| 0.996383769 1.007537312

Office of Research and Development

National Exposure Research Lab/ Human Exposure and Atmospheric Science Division
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E_| Follow-up Sampling: _
Detlef Knappe, Elisa Arevalo Questions?

strynar.mark@epa.gov
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